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VII. An Account of a Book intituled. New 
Principles of Gunnery, containing the De- 
termination of the Force of Gunpowder $ 
and an Inveftigation of the refifting Power 
of the Air to fwift and flow Morions ; by 
B. R. F. R. S. as far as the fame relates to 
the Force of Gunpowder. 

fndlf f f ' 4 * T H l S Treatife contain s Two Chap- 
aiiuti, 174.3. J^ ters> The Firft treats of the Force 

of Gunpowder, and the Velocities communicated to 

Bullets by its Explofion : The Second confiders the 

Refiftance of the Air to Bullets and Shells moving 

with great Velocities 5 and endeavours to evince, that 

this Refiftance is much beyond what it is generally 

efteemed to be; and confequently that the Trad 

defcribed by the Flight of thefe Projectiles, is very 

different from what is ufually fuppofed by the modern 

Writers on this Subject. 

The principal Points endeavoured to be eftablifhed 

in the Firft Chapter are thefe, " That the Force of 

" fired Gunpowder is no more than the Action of a 

" permanent elaftic Fluid, which is produced by the 

" Explofion ; that this Fluid obferves the fame Laws 

" with common Air in their Exertion of its Prefiure 

" or Elafticity ; " and confequently, " That the Ve- 

«' locities communicated to Bullets by the Explofion 

" may be eafily computed from the common Rules, 

" which are eftablifhed for the Determination of the 

" Ait's Elafticity. " 
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The Two firft Propositions contain the Proofs that 
a permanent claftic Fluid is constantly generated in 
the Explofion of Gunpowder ; this is evinced by well- 
known Experiments daily repeated, and acquicfccd 
in by all who have frequented the ufual Courfcs of 
Experimental Philofophy, of which thefc Experi- 
ments generally make a Part -, fo that the Author pre- 
fumes he may confider this Point as incontcftably 
eftablifhed, at leaft he has never yet met with any 
who have qucftioned it. 

The Third Propofition is, That the Elafticity of 
this Fluid produced by the Firing of Gunpowder, is, 
cater is paribus-, directly as its Denfiry ; and the Ex- 
periment by which this was confirmed, was letting 
fall feparately Two Quantities of Powder, the one 
double the other, on a red-hot Iron included in an 
exhaufted Receiver -, and it appeared by the Defcent 
of the Mercury, that the Elafticity of the Fluid pro- 
duced from the double Quantity of Powder, was 
nearly double the Elafticity of that produced from the 
fingle Quantity -, that is, the Elafticity was nearly as 
the Dermty of the Fluid. 

But it may perhaps be thought, that a fingle Ex- 
periment is too (lender a Foundation on which to 
build to material a Principle, fince all fubfequent 
Rcafonings on the Force of Powder in fome meafure 
depend on it. In Reply to this it may be faid, that 
the Author recited this fingle Experiment on ac- 
count of the great Quantity of Powder made ufc of 
in it, which was Three-fixtccnths of an Ounce} but 
that he had really made many more equally con- 
clufive, which he thought it unneceilary to mention. 
However, thofe who doubt of this Propofition, may 

fa- 
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fatisfy themfelves herein by fome Experiments made 
by the late Mr. Hauksbee before this Society, 
though with a different View 5 where, by the firing 
of Twenty-fix Quantities of Powder fucceffively, the 
mercurial Gage was funk from Twenty-nine Inches 
and an half, to Twelve Three-fourths; for by com- 
paring thefe Experiments together, and making the 
neceflary Allowances, it will be found, that the Elafti- 
city was nearly proportional to the Denfity in all that 
Variety of Denfities. 

In this Propofition, the Analogy between the Fluid 
produced by the Explofion of Powder and common 
Air, is eftablifhed thus far, that they exert equal Ela- 
flicities in like Circumftances ; for this Variation of 
the Elafticity, in proportion to the Denfity, is a well- 
known Property of common Air. But other Au- 
thors, who, fince the Time of Mr. Boyle, have exa- 
mined the factitious elaftic Fluids produced by Burn- 
ing, Diftillation, &c. have carried this Analogy much 
farther, and have fuppofed thefe Fluids to be real 
Air, endued with all the . Properties of that we 
breathe ; particularly the Reverend Dr. Hales, who 
has purfued this Examination with the greateft Ex- 
actnefs, in a Series of the beft contrived Procefles, 
constantly affixes the Denomination of Air to thefe 
fa&itious Fluids, he having found, that their Weight 
is the fame with that of common Air, and that they 
dilate with Heat, and contract with Cold; and that 
they vary their Denfities under different Degrees of 
Impreffion in the fame Proportion with common 
Air; and from hence, and other Circumftances of 
Agreement between them, he fuppofes them to be of 
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the fame Nature with Air, and conceives them to be 
fitly defigned by the fame Name. 

But fo perfect a Congruity between thefe factitious 
Fluids and Air is not necclTary for the Purpofcs of 
this Treatife. The fundamental Positions of this 
Firft Chapter fuppofing no more, than that the Elafti- 
city of the Fluid produced in the Explofion of Gun- 
powder is always, ceteris paribus, as its Dcnfity ; 
and that the Force of fired Gunpowder is only the 
Action of that Fluid modified according to this Law. 
It has been already mentioned, on what Grounds the 
Firft of thefe Principles hath been afferted, as con- 
tained in the Third Propofition -, and it remains to 
explain the Rcafons urged for the Support of the laft 
in the Eight fucceeding Proportions. 

The Law of the Action of this Fluid being deter- 
mined, Two Methods offer thcmfelves for invefti- 
gating the abfolutc Force of Powder on the Bodies 
it impels before it. The firft by examining the Quan- 
tity of this Fluid produced by a given Quantity of 
Powder, and thence finding its Elafticity at the In- 
ftant of the Explofion ; the other by determining 
the actual Velocities communicated to Bullets by 
known Charges, acting through Barrels of different 
Dimenfions. The Firft is the mod eafy and obvious, 
but the Second the moft accurate Method ; and there- 
fore the Author has feparately purfued each, and he 
has found, that their Concurrence has greatly exceeded 
his Expectation, and thereby both of them receive 
an additional Confirmation. 

The Quantity of the claftic Fluid, produced by the 
Firing of a given Quantity of Powder, is determined 

by 
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by firing it in an exhaufted Receiver, and obferving 
how much the mercurial Gage fubfides thereby, 
making a proper Allowance for the Increafe of its 
Elafticity from the Heat of the included hot Iron. 
But then, as the Subfiding of the Mercury is nor 
meafured till the Flame of the Powder is extinguifhed, 
and the Fluid is reduced fomewhat near the Tem- 
perature of the external Air, it is evident, that the 
Elafticity thus eftimated is much lhort of what it 
really was in the Inftant of Explofion ; and therefore, 
to obtain that Elafticity, which is the Force fought, 
it is neceflary to make fome Eftimate of the Increafe 
of the Elafticity of the Fluid by the Fire and Flame 
of the Explofion. For this Purpofe it is examined in 
the Fifth Propofition, how much the Elafticity of 
common Air is increafed by a Degree of Heat equal 
to that of Iron beginning to grow white hot ; and it 
is found, at a Medium, to be thereby augmented 
fomething more than Four times ; whence, as the 
Fluid produced by any Quantity of Gunpowder takes 
up, when comprefled by the Weight of the incum- 
bent Atmofpherc, a Space fomething lefs than 250 
times the Bulk of the Powder; it follows, that if its 
Elafticity in the Inftant of Explofion be fuppofed to 
be increafed in the fame Proportion with that of the 
Air laft-mentioned, it becomes by this means about 
1000 times greater than the Prefiure of the Atmo- 
fphere ; that is, conceiving it to be contained in that 
Space only which the Powder occupied before it was 
fired. 

Thofe who have not been convcrlant in thefe Ex- 
periments, may poflibiy fuppofe, that the Elafticity of 
the Powder at the Inftant of Explofion may be im- 
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mediately known by the Firft fudden Defcent of the 
Mercury : But many Circumftances concur to render 
this Method impracticable 5 amongft the reft it muft 
be remembered, that fome Air is conftantly left in 
the Receiver, which is heated by the Blaft, and unites 
its Effeas in the Firft lnftant with the Action of the 
Powder : Befides, the Firft Defcent may be varied, by 
varying the Tube, although all things elfe remain 
unchanged. 

By the Method hitherto defcribed, it is collected, 
that the Elafticity of the Fluid produced from fired 
Gunpowder, when contained in the Space which 
was taken up by the Powder before the Explofion, 
is about 1000 times greater than the Elafticity of 
common Air, or, which is the fame thing, 1000 
times greater than the Preflure of the Atmofphere. 

But, befides the Determination of the Quantity of 
Fluid produced from a given Quantity of Powder, 
(the Method on which this Deduction is founded) 
there is another Method of difcovering the fame 
thing, which, though Jefs obvious, is yet (as hath 
been already obferved) more accurate : That is, by 
examining the actual Velocities communicated to 
Bullets by the Explofion of given Charges in given 
Cylinders ; and this is the Subject of the 7th, 8th, and 
9th Propofitions. 

And Firft, it is evident, that this Examination can- 
not take place, unlefs a Method of difcovering the 
Velocities of Bullets be previoufly eftablifhed. Now 
the only known Means of effecting this was, either 
by obferving the Time of the Flight of Bullets through 
a given Space ; or by finding their Ranges when they 
were proje&ed at a given Angle, and thence com- 
puting 
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pining their Velocity on the Hypothefis of their para- 
bolic Motion. The Firft of thefe Methods was often 
impracticable, and in all great Velocities extremely 
inaccurate, both on account of the Shortnefs of the 
Time of their Flight, and the Refiftance of the Air. 
The Second is ftill more exceptionable, fince, by 
rcafon of the Air's Refiftance, the Velocities thus 
found may be lefs in any Ratio given, than the real 
Velocity fought. Now, to avoid thefe Difficulties, 
the Author has invented a Method of determining 
the Velocities of Bullets, which may be carried to 
any required Degree of ExactneO, and is no-ways 
liable to the foremenrioned Exceptions; for, by this 
Invention, the Velocity of the Bullet is found in any 
Point of its Track, independent of the Velocity it 
had before it arrived at that Point, or of the Velo- 
city it would have after it had paffed it : So that not 
only the original Velocity, with which it iffues from 
the Piece, is hence known, but alfo its Velocity, after 
it has paffed to any given Diftancej and therefore 
the Variations of its Velocity from the Refiftance of 
the Air may be alfo afcertained with great Facility. 
The Machine for this Purpofe is defcribed in the 8th 
Propofition, and the Principle it is founded on is this 
fimple Axiom of Mechanics •, That if a Body in 
Motion Jir ikes on another at Reft, and they are not 
feparated after the Stroke, but move on with one 
common Motion, then that common Motion is equal 
to the Motion with which the Firft Body moved 
before the Stroke : Whence, if that common Motion 
and the Maffes of the Two Bodies are known, the 
Motion of the Firft Body before the Stroke is thence 
determined. On this Principle then it follows, that 

the 
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the Velocity of a Bullet may be diminifhed in any 
given Ratio,, by its being made to impinge on a Body 
of a Weight properly proportioned to it; and hereby 
the mod violent Motions, which would otherwife 
efcape our Examination, are eafily determined by 
thcie retarded Motions, which have a given Relation 
to them. Hence then, if a heavy Body greatly ex- 
ceeding the Weight of the Bullet, whofc Velocity is 
wanted, be fufpended fo that it may vibrate freely 
on an Axis in the manner cf a Pendulum, and the 
Bullet impinges on it when it is at Reft, the Velocity 
of the Pendulum after the Stroke will be eafily 
known by the Extent of its Vibration, and from 
thence, and the known Relation of the Weight of 
the Bullet and the Pendulum, and the Pofition of 
the Axis of Ofcillation, the Velocity with which 
the Bullet is impinged will be determined, as is 
largely explained in the 8th Propofition. Where 
note, that there is a Paragraph by Miftake omitted 
in that Propofition, which fhould increafe the Velo- 
city there found in the duplicate Proportion of the 
Diftanccs of the Points of Ofcillation and Percuflion 
from the Axis of Sufpcnfion ; but this only affecls 
that particular Number, for it was remembered in 
the Computations of the fucceeding Experiments, 
the Numbers of which are truly ftated. 

It being explained how the Velocities of Bullets 
may be difcovered by Experiment : The next Com 
deration is, from thofe Velocities to determine the 
Force which produced them. 

And the Author thought, thebeft Method of effect- 
ing this was by computing what Velocities would 
arife from the Action of fired Powder, fuppofing its 

Force 
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Force to be rightly affumed by the Procefs in the 
preceding Part ; that is, fuppofuig the Elasticity of 
the Fluid thence arifing to be at firft iooo times 
greater than that of common Air; for then, by com- 
paring the Remit of thefe Computations with a great 
Number of different Experiments, it would appear 
whether that Force was rightly affigncd ; and if not, 
in what Degree it was to be corrected. 

Preparatory to this Computation, the Author 
affumes in his 7th Propofition thefe Two Principles : 

\Jl, That the Action of the Powder on the Bullet 
ceaks as foon as the Bullet is got out of the Piece. 

zdfy, That all the Powder of the Charge is fired, 
and converted into an elaftic Fluid, before the Bullet 
is fenfibly moved from its Place. 

And in the annexed Scholium he has given the 
Arguments and Experiments which induced him to 
rely on thefe Poftulates, all which is neceflary at pre- 
fent to difcufs more at large. 

If the Force of Gunpowder was fuppofed capable 
of being determined with the fame Accuracy and 
Rigour, which takes place in Subjects purely Geome- 
trical, the Firft of thefe Poftulates would be doubt- 
lefs erroneous, fince it cannot be queftioncd but the 
Flame acts in fomc Degree on the Bullet after it is 
out of the Piece. 

But it is well known, that in Experimental Sub- 
jects no fuch Precifencfs is attainable ; for thofe 
verfed in Experiments perpetually find, that cither the 
unavoidable Irregularities of their Materials, or the 
Variation of fome unobferved Circumftance, occa- 
sion very difcernible Differences in the Event of 
fimilar Trials. Thus the Experiments made ufe of 

for 
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for confirming the Laws of the CoUifion of Bodies, 
have never been found abfolutely to coincide cither 
with the Theory, or with each other. The fame is 
true of the Experiments on the Running and Spout- 
ing of Water and other Fluids, and of the Experi- 
ments made by Sir Ifaac Newton, for the Confirma- 
tion of his Theory of Reftftances ; in which, though 
they often differ from each other, and from that 
Theory by One-twentieth, One-tenth, and even 
fometimes One-fifth Part, yet thofe fmall Inequalities 
have never been urged as invalidating his Conclufions, 
fince, in Experiments of that Nature, it was rather to 
be wondered at, that the Difference between the 
different Trials was fo fmall. 

And if fome minute Irregularities arc the necefTary 
Concomitants of all complicated Experiments, it may 
be well fuppofed, that the Aftion of fo furious a 
Power as that of fired Gunpowder, which vifibly 
agitates and diforders all Parts of the Apparatus made 
ufe of, cannot but be attended with fenfible Varia- 
tions ; and it in Facl: appears, that in the Table of 
Experiments inferted in the 9th Propofition, the Ve- 
locities of Bullets fired from the fame Piece, charged 
with the fame Powder, and all Circumftances as near 
as poflible the fame, do yet differ from each other 
by One-fiftieth, One-fortieth, and fometimes more 
than One-thirtieth, of the Whole ; and yet the Author 
does not conceive, that thefe fmall Differences are 
any Exception to the Conclufivenefs of his Principles ; 
but he prefumes, that had he pretended, without dif- 
clofing his Method, to have computed the Force of 
Powder, and the Velocities of Bullets, in different 
Circumftances, to a much lefs Degree of Accuracy 

than 
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than this, he mould have been cenfured, as boafting 
of what would have been thought impracticable. 

If then the Action of the Flame on the Bullet after 
it is out of the Piece, is fo fmall as to produce no 
greater an Effect than what may be deftroyed by the 
inevitable Variations of the Experiments, the neglect- 
ing it intirely, and fuppofing no fuch Force to take 
place, is both a convenient and a reafonable Pro- 
cedure: For indeed, without the Afiiimption of 
Poftulates of this kind, it were impoflible to have 
proceeded one Step in Natural Philofophy, ftnce no 
Mechanic Problem hath been ever folved, in which 
every real Inequality of the moving Force hath been 
confidered. 

Now what induced the Author to fuppofe, that this 
Poftulate (though not rigoroufly true) might be 
fafely aflumed, was the Consideration of the fprcad- 
ing of the Flame by its own Elafticity, as foon as it 
efcapes from the Mouth of the Piece : For by this 
means he conceived that the Part of it which im- 
pinged on the Bullet might be fafely neglected, 
although the Impulfe of the intire Flame was a very 
remarkable Force. 

With regard to the Second Poftulate, " That all 
" the Powder is fired before the Bullet is fenfibly 
" moved from its Place;" it is incumbent on the 
Author to be ftill more explicit, as this Society 
did fome time fince appoint a Committee for exa- 
mining this very Pofition, who, after making a great 
Number of Experiments, have determined, * That all 
the 'Powder is not fired before the Bullet is fenfibly 

* See thefe Tranfattions } N° 465. p. 172,^. 
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moved from its Place-, and they have at the fame 
time afllgned the Quantities remaining unfired under 
different Circumftances. 

Thefe Determinations of the Committee are moft 
true; but the Author muft obferve, that from the 
Experiments recited by them, and the Quantity of 
unfired Powder, which they collected, it may be con- 
cluded, that in a Barrel of a cuftomary Length, 
charged with the ufual Quantity of Powder, the De- 
ficiency of Velocity occafioned by the Powder remain- 
ing unfired will be fcarcely fenfible; and in the 
fhortcft Barrel ever ufed by the Author, where the 
Space the Bullet was impelled through was not Five 
Inches, and where of courfe this Deficiency of Velo- 
city ought to be the greateft, it cannot amount to 
One-thirtieth Part of the Whole ; and confequently 
this Poflulate, though not rigoroufly true, may yet 
be fafely aflumed, in the inveftigating the Effects of 
Powder. But before this is more particularly exa- 
mined, it is neceffary to explain the Opinions, which 
have formerly taken place on this Subject. 

Thofe who have hitherto wrote on the Manner in 
which Powder takes Fire, have fuppofed it to be done 
by regular Degrees; the Firft Grains firing thofe 
contiguous, and they the next fuccefilvely -, and it 
has been generally thought, that a confiderablc Time 
was employed in thefe various Communications: 
For Mr. "Daniel Bernoulli, in his excellent Hydro- 
dynamica, has concluded from fome Experiments 
made at Petersburgh, that the greateft Part of the 
Charge efcapes out of the Piece unfired, and that the 
fmall Part, which is fired, does not take Fire till it 
is near the Mouth. Many Theories too have been 

com- 
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compofed on the Time of the Progrefs of the Fire 
amongft the Grains, and the different Modifications 
which the Force of Powder did thence receive 5 and 
it has been generally conceived, that the proper 
Lengths of Pieces were determinable from this Prin- 
ciple; a That they mould be long enough to give 
" Time for all the Powder to fire. " 

But the Author being fatisfied, that no fuch regular 
and progreffive Steps could be obferved in the Ex- 
ploiion ; and having found, that by loading with a 
greater Weight of Bullet, and thereby almoft doubling 
the Time of the Continuance of the Powder in the 
Barrel, its Force received but an inconftderable Aug- 
mentation ; and finding too, that doubling or trebling 
the ufual Charge, the Powder thus added always 
produced a correfpondent EffeA in the Velocity of 
the Bullet } and difcovering likewife in a Piece near 
Four Feet in Length* charged with an ufual Charge 
of Powder, that the Velocity communicated to the 
Bullet, during the Firft Three Inches of its Motion, 
was full half the Velocity which it acquired in its 
whole Paflage through the Barrel, and that the Elafti- 
city or Force of the Powder, in the Firft Three Inches 
of its Expanfion, was, at a Medium, near Eight 
times greater than in the laft Two Feet of the Bar- 
rel ; he concluded from all thefe Circumftances, that 
the Time employed by the Powder in taking Fire 
was not neceffary to be attended to in thefe Com- 
putations ; but that the whole Mafs might be fup- 
pofed to be kindled, before the Bullet was fcnfibly 
moved from its Place. 

And the Experiments reported by the Committee 
are the ftrongeft Proofs, (as far as they extend) that 

M m m z Powder 
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Powder is not fired in the progrefiive Manner ufually 
fuppofed ; for when the fhort Barrel was charged 
with 12 dwt. and with 6 dwt. refpe&ively, the 
Quantity of Powder which was colle&ed unfired from 
1 2 dwt. did not exceed by 3 Grains, at a Medium, 
what was collected from 6 dwt. although the Bullet 
was a lefs Time in palling through the Barrel with 
12 dwt. than with 6 dwt. it having a lefs Way to 
move 5 confequently the Quantity remaining unfired 
of the 6 dwt. did not continue unfired for want of 
Time, fince, when the Piece was charged with 12 
dwt. the additional 6 dwt. was confumed in a fhorter 
Time. 

And again, when the Barrel was To fhortened, that 
the Bullet, being placed clofe to the Wad, lay with 
its outer Surface nearly level with the Mouth of the 
Piece, Co that it had not more than half an Inch to 
move before the Flame would have Liberty to expand 
itfelfj yet, even in this fhort Tranllt of the Bullet, 
only 2 dwt. 1 {■ gr. was collected unfired, at a Me- 
dium j which is about -g- of the whole Charge, or, if 
properly reduced, not more than ~ of the Charge : 
An obvious Confutation of the gradual Firing of 
the Powder in its Paflage through the Barrel, and 
an eafy Proof, how fmall an Error will be occa- 
sioned by fuppofing the whole Charge to fire in- 
ftantaneoufly, fince the Error in the Velocity of the 
Bullet, arifing from a Deficiency of j^ of the Charge, 
is t* of that Velocity only. 

I fay, that the £ of the Charge, which remained 
unfired, amounts to no more than — when it is re- 
duced at it ought. This Reduction is founded on 

the 
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the other Experiments reported by the Committee, 
and on the Circumftances of thofe Trials. on which 
the Author founded the prefent Poftulate. The Au- 
thor has fuppofed the Powder, on which he reafons 
in this Treatife, to be of the fame fort with that 
made for the Service of the Government, a Parcel 
of which he was favoured with by Mr. Walton. But 
this he chiefly kept for a Standard, and generally ufed 
other Powders, which, on Examination, he found to 
be of equal Force. Thefe Powders were of a very 
fmall and even Grain, and the Committee have 
found, that by lifting the Government Powder, and 
making ufe of the fmaller Grains, the Quantity re- 
maining unflred was lefs, at a Medium, in the 
Ratio of $ to 3 , than when it was ufed without 
fifting. 

And again, it was found by extra&ing the Salt- 
petre from the Powder collected unflred, that there 
was lefs Saltpetre contained in it than in real Powder, 
and this nearly in the Ratio of 9 to 7 : Thefe Two 
Proportions compounded make the Proportion of 1 5 
to 7, and in this Proportion muft the Quantities of 
Powder colleded unfiled be reduced, in order to 
determine the Quantities of real Powder remaining 
unflred, in fimilar Experiments made by the Author. 

And from hence it follows, that in the Experi- 
ments made with a Barrel 5 -f Inches in Length, where 
the Ball had not 3 Inches to move, and where the 
Irregularity arifing from the Powder unflred ought to 
have been the moft fenfible, the Quantity of real Powder 
colle&ed unflred from a Charge of 1 2 dwt. would have 
been no more than 1 6 Grains at a Medium, or -;\- 
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of the whole Charge ; and it being found by Experi- 
ment, that the Velocities of Bullets placed in the 
fame Situation vary in the fubduplicate Proportion 
of the Charges, the Deficiency of Velocity arifing 
from the Lofs of the ~ of the Charge would be 
about -^ of the whole Velocity only, which, in the 
prefent Cafe, is not -— of an I nc h hi the Chord of 
the Arch described by the Pendulum meafuring the 
Velocity, and is a lefs Difference than what fre- 
quently occurs in the exa&eft Repetition of the fame 
Experiments. 

Other Circumftances occur, which reduce the In- 
equality arifing from the unfired Powder ftill lower j 
but it is thought, that this is fully fufficient tojuftify 
the Populate in Queftion, efpecially as, in all Cafes 
of real Ufe, the Length of the Barrel in proportion 
to the Quantity of the Charge will be much greater 
than in the prefent Inftance: Whence the Author 
prefumes, that, in computing the Velocities commu- 
nicated to Bullets by the Action of Powder, it may 
be fafely fuppofed, that the whole Charge is fired 
before the Bullet is fenfibly moved from its Place j at 
leaft there is no Foundation, from the Experiments 
made on this Subject by the Committee, to fufpecl: 
that when fmall-grained Powder is made ufe of, any 
greater Irregularity will arife from the Application of 
this Suppofition, than what would otherwife take 
place from the Intervention of unavoidable Ac-^ 
cidents. 

It has been thought neceflary to difcufs more at 
large thefe Two Poftulates, becaufe the laft of them 
being almoft in the very Words of one of the Que- 
ftions propofed to be examined by the Committee of 
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this Society, and having by them been determined 
in the Negative, thofe who have not attended to this 
Subject might fuppofe, that thereby the Author's Prin- 
ciples were intirely overturned : Now this would be 
a great Injuftice to him, fince he has not relied on 
this Poftulate as rigoroufly true 5 for he knew, and 
has himfelf taken notice in the prefent Proportion, 
that fome of the Powder efcapes unfired •, and he has 
there made fome Conjectures on the Caufe of it ; but, 
without infilling on the Reality of thofe Conjectures, 
he adds, that, " Be that as it may, the Truth of our 
" Pofition cannot in general be queftioned. " 

And though it appears from what has been already 
faid, that the Experiments recited by the Committee 
rather confirm than invalidate the general Senfe of 
that Poftulate ; yet it is but Juftice to own, that they 
are a full Confutation of the Conje&ures of the Au- 
thor in relation to the Caufe why fome Part of the 
Powder comes out unfired ; for the Author has fup- 
pofed, after Diego Ufano, that the Part which thus 
efcaped, was fcattcred in the Barrel, and not rammed 
up with the reft, or elfe that it was of a lefs inflammable 
Composition : But the Experiments made on this Oc- 
cafion intirely deftroy this Suppofttion. 

As this, or any other Conjecture on the Caufe of 
this Accident, (for it plainly appears not to be for 
want of Time only) has nothing to do with the 
general Reafoning of the prefent Treatife, it is not 
necefiary to enter into it in this Place ; but it may 
not be improper to mention, that, on computing the 
Quantities of Powder collected from different 
Charges, one of the Committee was led to con- 
jecture, that what was thus collected was only Parts 
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of Grains that had been fired, but were extinguifhed 
by the Blaft before they were intirely confumed. 
This Conjecture is ftrengthened by the extreme Mi- 
nutenefs of the Particles of all the Powder which was 
collected, and from the Deficiency of the Saltpetre 
found in it on Examination : It may be added too, 
that the Author, by gradually heating a Parcel of 
Powder, hath fet it on Fire, and blown it out again, 
for at leaft a Dozen times fucceffively 5 and he will 
undertake to repeat the Experiment at any time, if it 
fhould be doubted of. 

The Poftulates hitherto difcuffed arc preparatory 
to the 7th Propofition. That Propofttion is em- 
ployed in computing the Velocity which would be 
communicated to a Bullet in a given Piece by a given 
Charge of Powder, on the Principles hitherto laid 
down, that is, fuppofing the Elafticity of fired Pow- 
der to be at firft 1000 times greater than that of 
common Air. 

In the 9th Propofttion thefe Computations are 
compared with a great Number of Experiments, 
made in Barrels of various Lengths, from Seven 
Inches to Forty-five Inches, and with different 
Quantities of Powder, from 6 dwt. to 36; and 
the Coincidence between the Theory and thefe Ex- 
periments is very Angular, and fuch as occurs in but 
few philofophical Subjeds of fo complicated a 
Nature. 

By this Agreement between the Theory and the 
Experiments, each Part of the Theory is feparately 
confirmed; for by firing different Quantities of 
Powder in the fame Piece, and in the fame Cavity, 
it appears that the Velocities of the Bullet, thence 
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arifing, are extremely near the fubduplicatc Proportion 
of thofe Quantities of Powder, and this independent 
of the Length of the Piece: Whence it is confirmed, 
that the Elafticity of fired Powder in various Circum- 
ftances, is nearly as itsDenfity ; and this docs not only 
fucceed in fmall Quantities of Powder, and in fmall 
Pieces, but in the largeft likewife, under proper Re- 
ftri&ions; at lcaft there are Experiments which could 
not be influenced by this Theory, where the Quantities 
of Powder were above ioo times greater than what 
are ufed by this Author, and in thefe Trials this Cir- 
cumftance takes place to fufficicnt Exa&nefs. 

It is prefumed then, that by this Theory a near Efti- 
mate may be always made of the Velocities commu- 
nicated to Shells or Bullets by given Charges or Pow- 
der ; at leaft thefe Experiments evince how truly the 
Velocities of fmall Bullets are hereby afligned; and 
the Author can fhew by the Experiments of others, 
that in a Shell of Thirteen Inches Diameter, impelled 
by a full Charge of Powder, the fame Principle nearly 
holds: It is true indeed, that when the Charge is 
much fmaller than the ufual Allotment of Powder, 
there are fomc Irregularities, which are particularly 
mentioned at the End of the 9th Propofition, to which 
Head too, perhaps, muft be referred the Experiments 
made by the Committee on theEffeft of different fmall 
Chambers -, but in the cuftomary Charges, the Velo- 
cities of Bullets refulting from all the Experiments 
hitherto made, are really fuch as the Theory laid down 
in the preceding Part of this Treatife requires. And 
it appears, that thefe Velocities arc much greater than 
what they have been hitherto accounted : And there 
are Reafons from the Theory to believe, that in Can- 
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non-fhot flic Velocities may ftill exceed the prcfent 
Computation. 

The afcertaining the Force of Powder, and thence 
the Velocities of Bullets impelled by its Explofion, and 
the afligning a Method of truly determining their actual 
Velocities from Experiments, are Points from whence 
every ncccfiary Principle in the Formation or Manage- 
ment of Artillery may be cafily deduced : Considering 
therefore the infinite Import of a well-ordered Artil- 
lery to every State, the Author flatters himfelf, that 
whatever Judgment may be formed of his Succcfs in 
thefc Inquiries, he will not be denied the Merit of having 
employed his Thoughts and Induftry on a Subject, 
which, though of a moll fcicntific Nature, and of the 
grcatcft Confequcnce to the Public, hath been hitherto 
almoft totally neglected ; or, at leaft, fo fuperficialJy 
confidcred, as to be left in a much more imperfect 
State than many other philofophical Refcarches. 

With regard to the Second Chapter of this Trcatifc, 
relating to the Reiiftance of the Air, the Author has in 
his Preface mentioned his Intention of annexing to it 
a Series of Experiments, on the real Track of Bul- 
lets, as modulated by that Rcfiftance: And therefore, 
as he propofes to complete thofe Experiments this Sum- 
mer, unlefs unforefeen Accidents prevent him, he 
choofes to poftpone any Account of the Subject of the 
Second Chapter till that time, when he intends to lay 
the Refult of thofe Experiments before this Society, 
in order that any Exceptions or Difficulties relating to 
them, may be examined and difcufled before they are 
publifhcd to the World. 

The Reader is defired to correct an Error in the Firft Paragraph of 
the 29th Page of the Treatife here referred to, where for Vercujfion 
read Ofcillation. 



